Acid extracts from tissues of two solanaceous plants were found to contain a heat-labile, nondialyzable factor which hydrolyzes nucleoside di-and triphosphates to nucleoside monophosphates. This acid-resistant factor shows optimal ATP-hydrolyzing activity at pH 5, whereas practically no activity was detected below pH 3 and above pH 9. It does not hydrolyze sugar phosphates, nucleoside monophosphates, uridine diphosphoglucose, and phosphoenolpyruvate. In order to estimate quantitatively the amount of nucleoside di-and triphosphates in a plant extract, care must be taken to circumvent possible interference by this factor. This is achieved by carefully maintaining the extract below pH 3.
A method commonly employed for quantitative analysis of metabolic intermediates and products from animal tissues includes (a) quick fixation of tissue by freezing; (b) extraction and deproteination of frozen tissue with perchloric acid; (c) adjustment of the pH of extracts to near neutrality with KOH or K2CO3; and (d) quantitative determination of intermediates in neutralized extracts with a sensitive technique (1, 21) . Similar procedures have been employed for extraction from plant tissues, where the intermediates have been frequently assayed with chromatographic techniques (4, 8, 9, 11, 13) . Some investigators claim that this simple, rapid sampling and assay technique is not applicable to higher plant tissues because of possible degradation of labile phosphate esters in acid extracts (3, 5, 20) , possible co-precipitation of phosphate esters with potassium perchlorate (2, 3) , and difficulty in resolving these esters chromatographically (3, 5) . Inability of acid to destroy some enzymes completely (6, 7, 21 ) may lead to erroneous results, when the acid extraction procedures are used.
In our studies with tobacco pith tissue (16) , where direct enzymic analyses of intermediate compounds (cf. 1, 21) were performed on extracts prepared with ethanolic formic acid (cf. 5), quantitative recoveries of ATP and ADP were not as satisfactory as those obtained from extracts prepared with formic or perchloric acid alone. Acid extracts, however, showed a timedependent destruction of ATP after their preparation. For this reason, several parameters associated with acid extraction of higher plant tissues were examined carefully. This communication reports a simple metlhod for avoiding the activity of the adenosine di-and triphosphate-destroying factor in acid extracts. ' Enzymic Determination of Adenylates and Glucose-6-P Content. Concentrations of ATP, ADP, AMP, and glucose-6-P in the extracts were determined enzymically using an Eppendorf fluorometer connected to an Esterline-Angus recorder, model S-601S (6, 7, 21) . Glucose-6-P and ATP were assayed with glucose-6-P dehydrogenase and hexokinase; ADP and AMP were measured with lactic dehydrogenase, pyruvate kinase, and adenylate kinase. The reaction mixtures and the necessary standard were prepared as recommended by Williamson and Corkey (21) .
Thin Layer Chromatography. Thin layer plates (20.2 x 20.2 cm) were prepared and prewashed using a method modified from Randerath and Randerath (14, 15 PCA and HCI Extraction Methods. The extraction procedure, somewhat modified from the method for animal tissue (cf. 21), involves the following four steps (unless otherwise mentioned, all steps were carried out at 0-4 C): (a) after careful weighing, lyophilized, pulverized plant tissue was uniformly suspended in 0.5 to 0.8 N cold PCA or 0.1 to 1 N HCI at a tissue concentration of 10 to 20 mg/ml acid; (b) the mixture was allowed to stand for 10 min with occasional shaking and centrifuged at 10,000g for 10 min; (c) a measured volume of the supernatant was pipetted into a test tube, to which were added, in sequence, a V/20 volume of 1 M glycine solution and a given volume of 3 N KOH or K2CO3 to raise the pH of the extract to 2.5 ± 0.3; (d) the mixture was centrifuged at 10,000g for 10 min to obtain the clear supernatant for enzymic assays. With this method, reextraction of the pellet from step (b) was found unnecessary. Glycine was added in step (c) to ease the pH adjustment (see "Results"). In all steps, solution volumes were recorded to facilitate the final dilution calculation (21) .
Formic Acid Extraction Method. With the PCA and HCl procedures, high concentrations (60 mm or higher) of salts remain in the extracts. The direct use of these extracts interferes with chromatographic analyses resulting in poor resolution (cf. 3, 5) . Therefore, formic acid procedure was developed to obtain extracts with low salt content.
A measured amount of lyophilized tissue powder was uniformly mixed with cold 1.2 to 2.4 N formic acid to give a final tissue concentration of 10 to 20 mg/ml acid. The mixture was allowed to stand for 10 min with occasional shaking and centrifuged at 10,000g for 10 min. A measured volume of the supernatant was carefully pipetted into a test tube, quickly frozen in liquid N2, and lyophilized to complete dryness, thus removing the formic acid. The residue in the test tube was then solubilized in a small volume of 1 to 5 mm glycine-HCl buffer at pH 2.5. This volume may be either more or less than the original extract volume. Any turbidity in the resultant solution was removed by centrifugation at 10,000g for 10 min. The supernatant was ready to be assayed by an enzymic or a chromatographic method. Similar to the PCA and HCl procedures, re-extradition of the first pellet did not yield additional extraction of nucleotides and solution volumes were recorded at each step for the final calculation of the results.
RESULTS
pH Effect. Our procedures emphasize the maintenance of the extract pH below 3 during extraction steps. This precaution was derived from experiments with extracts from tobacco pith tissue. Figure 1 shows the effect of pH on the stability of ATP in tobacco pith extracts. The pH of the extracts was adjusted to a given value with KOH during step c of the PCA procedure, and the ATP content was determined enzymically at various subsequent times. The results (Fig. 1A) show that the ATP content decreases in extracts where the pH values are within the range between 3 and 9, while practically no loss of ATP is detected, if the pH values are below 3 or above 9, even 45 hr after prepara- (Fig. 1A) . Table I illustrates the effects of pH at 2.5 and 5 on the stability of ATP in the PCA extracts from several higher plant tissues. Concentration of Extractant. The effect of PCA concentrations on ATP and glucose-6-P extraction was examined in tobacco pith extracts adjusted to pH 2.5 ± 0.3. In these studies, both ATP and glucose-6-P determinations were made at two different times after the preparation of extract. The results (Fig.  2) clearly show that PCA concentrations higher than 0.1 N completely extract ATP and glucose-6-P, and the amounts remained constant for more than 30 hr after extraction. Although the results are not shown, HCl above 0.1 N or formic acid above 1.2 N was also found to extract ATP and glucose-6-P fully. In all of these experiments, the extract made in the absence of acid contained very little ATP, whereas the concentration of glucose-6-P in water extracts was about 90% of the level in acid extracts (Fig. 2) .
In our procedure with a relatively short period of extraction (10- 30 min) , the initial acid concentration should be such that the pH of the extract is kept below 1 for PCA and HC1 and 1.8 for formic acid to insure complete extraction. The use of high concentrations of PCA and HCI resulted in solubilization of starch (16) , unnecessary dilution of the extracts during pH adjustment, and an increase in background and quenching of fluorescence in fluorometric assays. For these reasons, the following concentrations of acids are used in our extraction routinely: 0.3 to 0.8 N PCA, 0.2 N HCL, and 1.2 to 2.5 N formic acid.
Other Parameters. The PCA and HCI extraction time (i.e. the time between the introduction of the acid to the powdered tissue and the adjustment of pH to 2.5 with alkali) is about 30 min. Similarly, the extraction time with the formic acid procedure (the time between acid addition and freezing of extract in liquid N2) is 10 min. In one series of experiments with tobacco pith tissues, an extreme extraction time of 25 hr gave values of ATP about 40% less and of glucose-6-P about 25% less than the standard procedure. In addition, 0.8 N PCA completely inactivated a commercial preparation of wheat germ phosphatase in 20 min. Extracts of tobacco pith made with PCA and formic acid contained no detectable activities of adenylate kinase and malate dehydrogenase. From these observations, the extraction times as stated in "Materials and Methods" were derived.
Our procedures do not include a re-extraction step. If the ratio of the lyophilized tissue powder to the extractant acid volume is maintained at 10 to 20 mg/ml or less, re-extraction of the first pellet yields no more ATP and glucose-6-P than can be accounted for by the volume of extract carried over in the pellet. Although the data are not presented, this observation was repeated several times with tobacco pith tissue and oat stem segments.
Nature of ATP Hydrolysis by Tobacco and Potato Extracts. Among the plants examined, tobacco and potato extracts contain the ATP-hydrolyzing factor, whereas extracts of other tissues do not (Table I ). Dialysis of tobacco or potato extracts overnight at 0 C against distilled H.,O or buffer did not decrease the activity of ATP-hydrolyzing factor. On the other hand, boiling destroyed the activity of the factor, but at the same time, destroyed the ATP originally present in the extract. The destruction of ATP was not caused by a heat-stable factor, because ATP added after the first boiling was not destroyed by a second boiling. Furthermore, the extracts did not act on AMP, UDPGlc, glucose-6-P, fructose-6-P, fructose-1, 6-diP, and PEP, but hydrolyzed ADP in much the same manner as ATP. These results, coupled with a distinct pH maximum for ATP hydrolysis (Fig. 1 B) , strongly suggest that the ATP hydrolysis is enzymic.
In order to examine whether the conversion of ATP to AMP (Fig. 1) proceeded with ADP as an intermediate, a high concentration of ATP (360 nmol) or ADP (340 nmol) was added to 3-ml PCA extracts whose pH was adjusted to 5; the levels of ATP, ADP, and AMP were examined at various times after the start of incubation at 0 C. The results (Fig. 3) clearly show that ATP is stoichiometrically converted to ADP + AMP. An initial ATP hydrolysis rate of 23 nmol/hr results in 10 nmol ADP and 13.5 nmol AMP formed/hr (Fig. 3A) . The ADP to AMP conversion resulted in 34.5 nmol ADP lost and 33 nmol AMP formed/hr (Fig. 3B) . The rate of the ADP to AMP conversion thus proceeds at 1.5 times the rate of the ATP to ADP + AMP conversion. This observation can account for the fact that the rate of AMP formation from ATP is 35 % faster than the rate of ADP formation (Fig. 3A) , and also an earlier observation that ATP was stoichiometrically converted to AMP when determinations were delayed by 2.5 hr after ATP assays (Fig. IB) (17) . These characteristics of apyrase are similar to those of our factor, but our data were inconclusive as to whether our factor is identical with potato apyrase or composed of more than one isoenzyme. In the literature, the presence of phosphatases has been noted in alcoholic extracts (2, 3, 5) . These phosphatases carry out both hydrolysis and phosphorylation of many alcohols and other compounds (2, 13) . However, these enzymes have been shown to be denatured by formic acid (2, 5) . Our factor is probably different from the phosphates in the alcoholic extracts of plant tissues.
